S-480-79
APPENDI X A - APPLI CABLE DOCUMENTS

The revisions of the docunents |listed below that are current at
the time of Contract award are applicable to these Requirenents.

PARAGRAPH DOCUMENT AVAI LABLE
NO. NO. TI TLE FROM
SECTI ON 1
1.1 NHB 5300.4 Reliability Program Requirenents Note 1
(1A for Aeronautical and Space System
Contractor's
1.1 NHB 5300.4 Quality Program Provisions Note 1
(1B) for Aeronautical and Space System
Contractor's
1.1 NHB 5300.4 Electrical, Electronic and Note 1
5.1 (1F) El ect ronechani cal (EEE) Parts
Managenment and Control Require-
ments for NASA Space Flight
Pr ogr ans
SECTI ON 2
2.5 S-311-98 Gui del i nes for Conducting See Met sat
a Packagi ng Revi ew Project Ofice
SECTI ON 3
3.1 CEVS- SE General Environnental Verifica- See Met sat
3.2.1 tion Specification for STS and Project Ofice
3.5.2.2 ELV Payl oad Systens, Subsystens
(Appendi x O and Conponents ( TBD)
3.5.2.1 ML-STD El ect romagneti ¢ Em ssi on and Note 1 or 3
461 Susceptibility Requirenents
(Appendi x C) for the Control of Electromagnetic
I nterference.
3.5.2.1 ML-STD El ectromagnetic Interference Note 1 or 3
462 Characteristics, Measurenent of
(Appendi x O
3.5.2.1 ML-STD Mlitary Standard Definitions Note 1 or 3
463 and System of Units, Electronag-
(Appendi x C) netic Interference and El ectro-

magneti c Conpatibility Technol ogy.
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SECTI ON 4
Range Safety Requirenents Note 1
System Saf ety Program Note 1

Requi renent s

Fl ammabi lity, Odor, and Qut - Note 1
gassi ng Requirenents and Test

Procedures for Materials in

Envi ronment s that Support

Conbusti on
SECTI ON 5
GSFC Preferred Parts List See Met sat
Project Ofice
Handbook for Sel ection and See Met sat

Accept ance of Electrical,

El ectronics, and El ectronechani cal
(EEE) Parts for GSFC Spacecraft
Appl i cati ons.

Project Ofice

NASA St andard El ectrical, Note 1 or 3
El ectronic, and El ectro-
mechani cal (EEE) Parts Li st

Specification Practices Note 1 or 3
CGeneral Specification for Note 1 or 3
Mcrocircuits

CGeneral Specification for Note 1 or 3
Hybrid Mcrocircuits

GSFC Speci fication, for See Met sat
Destructive Project Ofice

Physi cal Anal ysis of
El ectronic Parts
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SECTI ON 6

GSFC Materials Tips for
Spacecraft Applications

Qual ity Features of Space-
craft Ball Bearing Systens

An Eval uation of Liquid and
Grease Lubricants for Space-
craft Applications

Materi al s Sel ecti on Cui de

Qut gassing Data for Sel ecting
Spacecraft Mterials

Design Criteria for Control -
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Materials Selection List for
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Range Safety Manual (for ETR)

SECTION 7 (Mod 25)

GSFC Fast ener
Requi renent s

Integrity

Perform ng a Fail ure Mdes
and Effects Anal ysis
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Standard Weld Filler
Metal, Control of
A-3

S-480-79

See Met sat
Project Ofice

Note 5

Note 5

See Met sat
Project Ofice

Note 5

Note 4

Note 4

Note 6

See Met sat
Project Ofice

See Met sat
Project Ofice

See Met sat
Project Ofice

Note 4

Check the POES Master Controlled Documents list at: http://poes.gsfc.nasa.gov/iso/baseline.pdf to verify that this is the correct version before use.



0 00 0o

. 10.

. 10.

. 10.

. 10.

.12

.12

.12

. 10.
. 15.

. 10.
. 15.

. 13.

. 15.

. 17.

.19

3

3

3

3

[ —

NHB 5300. 4
(3A-2)

NHB 5300. 4
(39

NHB 5300. 4
(3H)

NHB 5300. 4
(3J)

NHB 5300. 4
(3L)

DCD- HDBK-
263

DCD- STD-
1686

M L- P-
55110

M L- STD-
275

S-480- 17

NASA RP
1161

M L- STD-
45662

M L- STD-
105

Requi renents for Sol dered
Connecti ons

El ectri cal

Requi r ement
i ng Cabl es,

Requi r ement

s for

Har nesses,

s for

| nt er connect -
and Wring

Crinping and Wre Wap

Requi r ement

s for

Conf or mal

Coati ng and St aki ng of
Printed Wring Boards and
El ectroni c Assenblies

Requi r ement

s For

ESD Contro

El ectrostatic Di scharge

Contro

Part s,

Handbook f or
tion of Electrical,
Assenbl i es and Equi pnent

Pr ot ec-

(Excluding Electrically
Initiated Expl osive Devices)

El ectrostatic Discharge Contro

Program f or
El ectrical,

Pr ot ecti on of

El ectronic Parts,

Assenbl i es and Equi pnent
(Excluding Electrically
Initiated Expl osive Devices)

Gener al
for

Printed Wring for

Equi prent
Met eor ol ogi

Pl an

cal

Speci fication
Printed-Wring Boards

Satellite (METSAT)
Proj ect Configuration Managenent

Eval uation of Miultilayer
Printed Wring Boards by
Met al | ogr aphi ¢ Techni ques

Calibration System

Requi r ement

S

Sanpling Procedures and
| nspection by

Tabl es for
Attri butes

A- 4

El ectronic

El ectronic

S-480-79
Note 1

Note 1

Note 1

Note 1

Note 1

Note 3

Note 3

Note 3

Note 3

See Met sat
Project Ofice

Note 2

Note 3

Note 3

Check the POES Master Controlled Documents list at: http://poes.gsfc.nasa.gov/iso/baseline.pdf to verify that this is the correct version before use.




S-480-79

8.21 NHB 6000.1 Requirenents for Packagi ng, Note 1
Handl i ng, and Transportation

SECTI ON 9
21 M L- STD- Mlitary Standard Product C ean- Note 3

1246 | i ness Level s and Cont am nati on
Control Program

©o
wN

SECTI ON 10
10.3.1 I nformation System Life-cycle Note 2
and Docunent ati on Standards
NOTES ( SOURCES) :

1. Superintendent of Docunents, U S. Governnent Printing Ofice,
Washi ngton, DC, 20402.

2. NASA/ Scientific and Technical Information Facility, P.QO Box
8757, BW Airport, MD, 21240.

3. Departnent of the Navy, Naval Publications & Forns Center,
5801 Tabor Avenue, Phil adel phia, PA, 19120.

4. NASA/ Marshal |l Space Flight Center, Docunentation
Code CN 22D, Huntsville, AL, 35812.

5. Nati onal Technical | nformation Service,
Springfield, VA 22161.

6. Anerican Society for Testing and Materials, 1916 Race St.
Phi | adel phi a, PA 19103.
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APPENDI X B - ABBREVI ATI ONS, ACRONYMS, AND GLOSSARY

Abbr evi ati ons and Acronyns

ARAR Acci dent Assessnent Report
ASI C Application Specific Integrated Crcuit
ASTM American Society for Testing and Materials
CAGE Commerci al and Governnment Entity
CCB Configuration Control Board
CcCcP Cont am nation Control Plan
CDR Critical Design Review
CDRL Contract Docunmentation Requirenents List
CE Conduct ed Em ssion
L Critical Itens List
CcM Confi gurati on Managenent
CPT Conpr ehensi ve Performance Test
CS Conduct ed Susceptibility
CvCM Col l ected Vol atil e Condensabl e Mass
DCR Desi gn Concept Revi ew
DOD Depart nent of Defense
DPA Destructive Physical Analysis
DRL Docunent Requirenents Li st
EEE Electrical, Electronic, & Electronechani cal
ELV Expendabl e Launch Vehicle
EMC El ectromagnetic Conpatibility
EM El ectromagnetic Interference
ECS Earth Qobserving System
ESD El ectrostatic Di scharge
FMEA Fai l ure Mode and Effects Analysis
FOR Fl i ght Operations Review
FRB Fai l ure Revi ew Board
FRR Fl i ght Readi ness Revi ew
CEVS- SE General Environnmental Verification Specification for
STS and ELV Payl oads, Subsystens & Conponents
GFE Gover nment Fur ni shed Equi prent
A Gover nment | nspection Agency
G DEP Governnment | ndustry Data Exchange Program
GSE G ound Support Equi prent
GSFC Goddard Space Flight Center
GSl Gover nment Source | nspection
| CF I nstrunent Control Facility
| CD I nterface Control Docunent
| AC | ndependent Assurance Contractor
JSC Johnson Space Center
LOD Letter of Del egation
M L- HDBK MIlitary Handbook
M L- STD MIlitary Standard
MOR M ssion QOperations Review
MR Mal f uncti on Report
VRB Mat eri al Revi ew Board
VSFC Marshal | Space Flight Center
MJUA Mat eri al s Usage Agreenent
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MJH M ssi on Uni que Hardware
NASA Nat i onal Aeronautical and Space Adm nistration
NDE Nondestructive Eval uation
NHB NASA Handbook
NSPAR Non- St andard Parts Approval Request
NSPL NASA Standard Parts List
OHA Operations Hazard Anal ysis
ORR Oper ati ons Readi ness Revi ew
CRU On-orbit Replaceable Unit
PAPL Pl at f orm Approved Parts List
PAR Per f or mance Assurance Requirenents
PCB Parts Control Board
PCP Parts Control Pl an
PDA Percent of Defectives Allowabl e
PFR Probl enf Fai | ure Report
Pl ND Particle Inpact Noi se Detection
PDR Prelim nary Design Review
PER Pre-environnental Review
PMP Payl oad Mounting Pl ate
PPL Preferred Parts List
PSR Pre-shi pnment Revi ew
QA Qual ity Assurance
RE Radi at ed Em ssi on
RH Rel ative Hum dity
RS Radi ated Susceptibility
SAR Saf ety Assessnent Report
SVAP Sof t war e Managenent and Assurance Program
SOR System Qperati ons Revi ew
SSF Space Station Freedom
SSI P System Safety | npl enentation Pl an
STS Space Transportation System
SWCDR Software Critical Design Review
SWPDR Software Prelim nary Design Review
Tl ROS Tel evision Infrared Observation Satellite
TML Total Mass Loss
TO Techni cal Oficer
TQCM Tenperature Controlled Quartz Crystal M crobal ance
u i D Uni que Instrunent Interface Docunent
VR West ern Range
VWRR West ern Range Regul ation
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APPENDI X B - ABBREVI ATI ONS, ACRONYMS, AND GLOSSARY (cont'd)
A ossary
Accept ance Tests: The process that denonstrates that hardware
is acceptable for flight. It also serves as a quality contro

screen to detect deficiencies and nornmally to provide the basis
for delivery of an itemunder terns of a contract.

Assenbly: See Hardware: Hardware Levels of Assenbly.

Audit: A review of the contractor's or subcontractor's docunentation
or hardware to verify that it conplies with project requirenents.

Catastrophic Failure: A failure whose potential effect would
result in fatality or serious injury to personnel or |oss of the
bservatory, the launch facility or vehicle or prevent m ssion
success (loss of a primary m ssion objective).

Collected Volatile Condensable Material (CVCM: The quantity of
outgassed matter froma test specinen that condenses on a

coll ector maintained at a specific constant tenperature for a
specified tine.

Conponent: See Hardware: Hardware Levels of Assenbly.

Confiqguration: The functional and physical characteristics of
parts, assenblies, equi pnment of systens, or any conbi nation of

t hese which are capable of fulfilling the fit, form and
functional requirenments defined by perfornmance specifications and
engi neeri ng draw ngs.

Configuration Control: The systematic eval uation, coordination,
and formal approval /di sapproval of proposed changes and the

i npl enentation of all approved changes to the design and
production of an item the configuration of which has been
formal |y approved by the contractor or by the purchaser, or

bot h.

Configuration Managenent: The systematic control and eval uation
of all changes to baseline docunentation and subsequent changes
to that docunentation which define the original scope of effort
to be acconplished (contract and reference docunentation) and the
systematic control, identification, status accounting and
verification of all configuration itens.

Critical Failure: A failure whose potential effect would result
in a significant (as determ ned by the Project) degradation of a
primary m ssion objective or |oss of a secondary m ssion

obj ecti ve.

Critical Application: Critical applications are defined as part
applications in circuits or assenblies whose failure, wthout
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regard to redundancy, would be critical or catastrophic to the
m ssi on.

Derating: The reduction of the rating of a device to inprove
reliability.

Design Specification: Ceneric designation for a specification
whi ch describes functional and physical requirenents for an
article, usually at the conponent |evel or higher |evels of
assenbly. Inits initial form the design specification is a
statenent of functional requirenents with only general coverage
of physical and test requirenents. The design specification

evol ves through the project life cycle to reflect progressive
refinements in performance, design, configuration, and test
requirenents. In many projects the end-item specifications serve
all the purposes of design specifications for the contract end
itens. Design specifications provide the basis for technical and
engi neeri ng managenent control .

Desi gnated Representative: An individual (such as a NASA pl ant
representative), firm(such as assessnent contractor), Departnent
of Defense (DOD) plant representative, or other Governnent
representative designated and authorized by NASA to performa
specific function for NASA. As related to the contractor's
effort, this may include eval uation, assessnent, design review
participation, and review approval of certain docunents or
actions.

Destructive Physical Analysis (DPA): An internal destructive
exam nation of a finished part or device to assess design,

wor kmanshi p, assenbly, and any other processing associated with
fabrication of the part.

Deviation: A specific witten authorization granted prior to the
manufacture of an itemto depart froma particular or design
requi renent of a specification, drawi ng or other docunent for a
specific nunber of units or a specific period of tine.

Di screpancy: See Nonconf or nance.

Effectivity: The point (in configuration evolution) at which a
change or action becones applicable to the hardware or software.

El ectromagnetic Conpatibility: The condition that prevails when
various electronic devices are performng their functions
according to design in a common el ectromagneti c environnent.

El ectromagnetic Interference (EM): Electronmagnetic energy
which interrupts, obstructs, or otherwi se degrades or Iimts the
effective performance of electrical equipnent.

El ectromagnetic Susceptibility: Undesired response by a
conponent, subsystem or systemto conducted or radiated
el ectromagneti c em ssi ons.

B-4

Check the POES Master Controlled Documents list at: http://poes.gsfc.nasa.gov/iso/baseline.pdf to verify that this is the correct version before use.




S-480-79

End-to-End Tests: Tests perfornmed on the integrated ground and
flight system including all elenents of the payload, its
control, comuni cations, and data processing to denonstrate that
the entire systemis operating in a manner to fulfill all mssion
requi renents and objecti ves.

Fai | ur e: See Nonconf or mance.

Fai l ure Mbdes and Effects Analysis (FMEA): Study of a system
and working interrelationships of its elenents to determ ne ways
in which failures can occur (failure nodes), effects of each
potential failure on the systemelenment in which it occurs and on
ot her system el enents, and the probable overall consequences of
each failure node on the success of the system s m ssion.
Criticalities are usually assigned by categories, each category
being defined in ternms of a specified degree of | oss of m ssion
obj ectives or degradation of crew safety.

Functional Tests: The operation of a unit in accordance with a
defi ned operational procedure to determ ne whether performance is
wi thin the specified requirenents.

Hardware: Physical itenms of equipnment. As used in this
docunent, there are two major categories of hardware as foll ows:

1. Nonflight Hardware: Devel opnent hardware not
intended to fly, hardware of flight design but found to be
of unsuitable quality for flight use, or hardware intended
or use on the ground (e.g., GSE)

2. Flight Hardware: Hardware to be used operationally

in space. It includes flight instrunents (experinents)
and/ or spacecraft hardware. It includes the follow ng
Subset s:

a. Qualification Hardware: Hardware of a new design

that is subjected to qualification |levels and durations
of environnental stresses in a design qualification
test program it is identical to the flight hardware,
but is not suitable for flight use w thout acceptable
ref ur bi shnment .

b. Protoflight Hardware: Flight hardware of a new

design; it is subject to a design qualification test
program enpl oyi ng qualification |evel environnental
stresses for flight durations. It is suitable for
flight use after test.

C. Fol | ow- On Hardware: Flight hardware built in
accordance wth a design that has been qualified either
as prototype or as protoflight hardware; follow on
hardware is subject to a flight acceptance test

program
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d. Spare Hardware: Hardware the design of which has
been proven in a design qualification test program
it is subject to a flight acceptance test program and
is used to replace flight hardware that is no | onger
acceptable for flight.

3. Har dwar e Level s of Assenbly

Part : A hardware elenent that is not normally
subj ect to further subdivision or disassenbly w thout
destruction of designed use.

Subassenbly: A Subdivision of an assenbly. Exanples
are wire harness and | oaded printed circuit boards.

Assenbly: A functional subdivision of a conponent,
consisting of parts or subassenblies that performfunctions
necessary for the operation of the conponent as a whol e.
Exanpl es are a power anplifier and a gyroscope.

Conponent: A functional subdivision of a subsystem and
generally a self-contained conbination of itens performng a
function necessary for the subsystenis operation. Exanples
are transmtter, gyro package, actuator, notor, battery.
Exanples in an instrunment are power supply, travelling wave
tube anplifier (TWA), central processing unit (CPU)
position encoder, sun sensor, star tracker.

Subsystem A functional subdivision of a spacecraft or

payl oad consisting of two or nore conponents. Exanples are
attitude control, electrical power subsystens, or an

anal ogous functional elenent in an instrunent: e.g.,
subsystens for electrical power, instrunment data processing,
scanni ng, or pointing.

System A functionally interrelated group of hardware

and software itens which collectively performone or nore
defined overall task(s). The systemis usually broken down
into a nunber of subsystens, each of which perforns a

di screte portion of the overall systemtask(s). E. g., at
the instrunent |level, the defined task is the instrunent's
flight mssion, and the flight instrunent is the system at
t he spacecraft, the defined task is the flight m ssion, and
t he spacecraft is the system while a flight instrunment on
t he spacecraft is a subsystem

Instrunent: A system or subsystem consisting of sensors
and associ ated hardware for neki ng neasurenents or
observations in space. The flying portion of a flight
experi nment.

Spacecraft: An integrated assenbl age of subsystens
designed to performa specified mssion in space.
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Payl oad: An integrated assenbl age of subsystens designed
to performa specified mssion in space.

| nspection: The process of neasuring, exam ning, gaging, or
ot herwi se conparing an article or service with specified
requirenents.

Instrunent: See Hardware: Hardware Levels of Assenbly.

Margin: The anmount by which hardware capability exceeds
requirenents.

M ssion All owabl e Tenperatures - The m ssion allowabl e tenpe
[Tmts shall enconpass those tenperatures experienced during t
m ssion and during systemlevel thermal bal ance testing.

The rel ati onship between m ssion all owabl e, acceptance, and
qualification tenperatures is as foll ows:

10°C
5°C
M SSI ON ALLOMBLE ACCEPTANCE QUALI FI CATI ON
TEMPERATURE LIM TS TEMPERATURES TEMPERATURES
5°C
10°C
Model. Generic termto describe a physical or mathemati cal

sinmulation of an article of hardware, software, or part or all of
a mssion system To be useful for purposes of this docunent,
the termmnust be further identified as to the nature of the nodel
and its purpose. Two exanples are:

1. Thernmal Model. Unless identified to the contrary by
context, this termdescri bes a hardware nodel. A Ther nal
Model is a unit of hardware thermally equivalent to a Flight
Unit, but need not be capable of the optical, electrical
functions or structural/mechanical survivability of a Flight
Unit.

2. Thermal Math Mddel: This may al so be called an
"anal ytical thermal nodel” and is defined as an anal yti cal
nodel used to evaluate the thernmal performance of an article
of the flight hardware, such as the flight instrunment.

B-7

Check the POES Master Controlled Documents list at: http://poes.gsfc.nasa.gov/iso/baseline.pdf to verify that this is the correct version before use.




S-480-79

A reduced node version of this nodel is used to evaluate the
i nstrument - spacecraft conbi nation. These nodels shall be
refined after conparison with thermal test data.

Monitor: To keep track of the progress of a performance assurance
activity; the nonitor need not be present at the scene during the
entire course of the activity, but he will review resulting data or
ot her associ ated docunentation (see Wtness).

Nonconf ormance: A condition of any hardware, software, material, or
service in which one or nore characteristics do not conformto

requi renents. As applied in quality assurance, nonconformances fal
into two categories-- discrepancies and failures. A discrepancy is a
departure fromspecification that is detected during inspection or
process control testing, etc., while the hardware or software is not
functioning or operating. A failure is a departure from specification
that is discovered in the functioning or operation of the hardware or
sof t war e.

Qut gassing: The emanation of volatile materials under vacuum
conditions resulting in a mass | oss and/or material condensation
on near by surfaces.

Part: See Hardware: Hardware Levels of Assenbly.
Payl oad: See Hardware: Hardware Levels of Assenbly.

Perfornmance Verification: Determnation by test, analysis, or a
conbi nation of the two that the payload el enent can operate as
intended in a particular mssion; this includes being satisfied
that the design of the payload or el enent has been qualified and
that the particular item has been accepted as true to the design
and ready for flight operations.

Platform See Hardware: Hardware Levels of Assenbly: Spacecraft.

Qualification: The process of denonstrating that a given design
and manufacturing approach will produce hardware that wll neet
all performance specifications when subjected to defined
conditions nore severe than those expected to occur during its

i nt ended use.

Redundancy (of design): The use of nore than one independent
means of acconplishing a given function.

Repair: The article is to be nodified by an established
(custonmer approved, where required) standard repair procedure or
specific repair instructions which are designed to nmake the
article suitable for use, but which will result in a departure
fromthe original specification.

Rework: Return for conpletion of operations (conplete to
drawing). The article is to be reprocessed to conformto the
original specifications or draw ngs.
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Simlarity, Verification By: A procedure of conparing an item
to a simlar one that has been verified. Configuration, test

data, application, and environnment should be evaluated. It
shoul d be determ ned that design differences are insignificant,
environmental stress will not be greater in the new application,

and t hat manufacturer and manufacturing nethods are the sane.
Single Point Failure: A single elenent of hardware the failure
of which would result in |oss of m ssion objectives or the

har dware, as defined for the specific application or project for

which a single point failure analysis is perforned.

Spacecraft: See Hardware: Hardware Levels of Assenbly.

Subassenbly: See Hardware: Hardware Levels of Assenbly.

Subsystem See Hardware: Hardware Levels of Assenbly.

Tenperature Cycle: A transition fromsone initial tenperature
condition to tenperature stabilization at one extrenme and then to
tenperature stabilization at the opposite extrenme and returning
to the initial tenperature condition

Tenperature Stabilization: The condition that exists when the
rate of change of tenperatures has decreased to the point where
the test itemmay be expected to remain within the specified test
tol erance for the necessary duration or where further change is
consi dered accept abl e.

Thermal Bal ance Test: A test conducted to verify the adequacy of
the thermal design and the capability of the thermal control
systemto maintain thermal conditions within established m ssion
[imts.

Thermal - Vacuum Test: A test to denonstrate the validity of the
design in neeting functional goals. It also denonstrates the
capability of the test itemto operate satisfactorily in vacuum
at tenperatures based on those expected for the m ssion. The test
can al so uncover |atent defects in design, parts, and workmanshi p.

Total Mass Loss (TM.): Total mass of material outgassed froma
specimen that is maintained at a specified constant tenperature
and operating pressure for a specified tine.

Verification: See Perfornmance Verification.

Vi br oacoustics: An environnment induced by high-intensity

acoustic noise associated wth various segnments of the flight
profile; it manifests itself throughout the payload in the form

of directly transmtted acoustic excitation and as structure-borne
random vi bration excitation.

Waiver: A witten authorization to accept a configuration item
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or other designated iten(s), which during production or after being
submtted for inspection, are found to depart from specified

requi renents, but neverthel ess are considered suitable for use "as is"
or after rework by an approved net hod.

Wtness: A personal, on-the-scene observation of a performance
assurance activity with the purpose of verifying conpliance with
project requirenments. (see Mnitor).
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APPENDI X C
ECS UNI QUE REQUI REMENTS
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APPENDI X C

The following tailored requirenents are specific to EOCS devel oped
har dware and software only. For Metsat unique requirenents see
Appendi x D.
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APPENDI X C / SECTION 1
GENERAL REQUI REMENTS

No tailored requirenents
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APPENDI X C / SECTION 2
ASSURANCE REVI EW REQUI REMENTS

The follow ng additional review requirenents supplement the ECS
m ssi on.

2.3 GSFC FLI GHT ASSURANCE REVI EW PROGRAM

For instrunment-level reviews, the review material shall deal with all
aspects of the instrunent and its functions. For the EOCS (Qbservatory-
| evel reviews, the material and presentations shall be of a degree of
detail appropriate to the support of the review at this |evel.

The contractor shall provide support pertinent to the contractors
instrument for the Cbservatory |evel reviews.

Revi ew of the Cbservatory will include an Cbservatory |evel MOR, PER,
PSR, FOR, and FRR; these shall include information on the instruments
provi ded by the contractor sufficient detail to facilitate
understanding of their relationship to the flight segnent and m ssion.
The MOR, FOR and FRR are described as foll ows:

M ssion Qperations Review (MOR) This mission-oriented review w ||
normal Iy take place prior to significant integration of the
flight system The purpose is to review the status of the system
conmponents, including the ground systemand its operational
interfaces with the flight system D scussions will include
integration and test planning.

Flight Operations Review (FOR) Wiile all of the previous reviews

i nvol ve operations, this review wi |l enphasize the final orbital
operations plans, as well as the conpatibility of the Cbservatory
wi th ground support equi prment and ground network, i ncluding
summary results of the network conpatibility tests.

Fl i ght Readi ness Review (FRR) This reviewis to assess the
overall readiness of the total systemto support the flight
obj ectives of the m ssion.
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APPENDI X C / SECTION 3
PERFORMANCE VERI FI CATI ON REQUI REMENTS

3. Perf ormance Verification Requirenents

3.1 GCeneral Requirenents (Md 25)

Met hods for inplementing the requirenents of this section are
contained in the ELV payl oad requirenents of the General Environnental
Verification Specification for STS and ELV Payl oads, Subsystens, and
Conmponents ("GEVS-SE") (Appendix A of the PAR)

The GEVS- SE establishes the general environnental test requirenents
for the instrument. Unique requirenents for the instrunments and
conponents will be provided in the General Interface Requirenents
Document (@ RD) for the spacecraft and the respective unique
instrunment interface docunents (U IDs) and interface control docunents
(ICDs). These will be updated if necessary when the dynam c nodel of
t he spacecraft has been verified by test.

The instrunent-1evel vibroacoustics test required by this section
shall be conducted with the inputs at the instrunment nounting
interface. Tests of the instrunent nmounting plates and ot her
instrunment flight support equi pnent shall be conducted as a part of
spacecraft testing. The G RD requirenents for shock (Section 10.4)
are not applicable.

3.2.1 VERI FI CATI ON PLAN

As an adjunct to the Verification Plan, a verification matrix (see
par. 1.10.1.1 of CGEVS-SE) shall be prepared that sunmarizes all tests
and anal yses that will be perforned on each conponent, subsystem and
the instrunent. The contractor shall also maintain a matrix of
contractor/subcontractor tests actually acconplished throughout the
program and present it at the pertinent GSFC reviews called for in
section 2.

3.2.2 VERI FI CATI ON SPECI FI CATI ON

A Verification Specification shall be prepared that stipulates the
specific environnental paraneters associated wth each of the tests
and anal yses required by the Verification Plan. This specification
may be conbined with the Verification Plan. In defining quantitative
envi ronment al paraneters under which the hardware el enments nust neet
their performance requirenents, the Verification Specification shal
consi der things such as payl oad peculiarities and pertinent

requi renments of the respective project's spacecraft G RD and t he
respective individual instrunment U ID and | CDs.

The Verification Specification shall be delivered to GSFC and updat ed
i n accordance with GSFC-422-12-12-04 Contract Docunentation
Requi renents List (CDRL).
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3.4 STRUCTURAL AND MECHANI CAL REQUI REMENTS
3.4.1 GENERAL REQUI REMENTS

The contractor shall denonstrate conpliance with structural and
mechani cal requirenents with a series of interdependent test and

anal ysis activities. The baseline requirenents are stated in the
Ceneral Interface Requirenents Docunent (@ RD) for the spacecraft

and the instrunent U ID and I1CDs; they will be updated, based on

the results of nodal survey of the EOCS Cbservatory and the desi gnated
| ocation of the instrunent.

The denonstrations shall verify design and specified factors of
safety, ensure interface conpatibility with the EOS Cbservatory,
accept abl e wor kmanshi p, and conpliance wth associ ated systens
safety requirenents. |In the event that nodal survey of the space-
craft shows the baseline environnents for any instrunent to be

i nadequate, verification and/or design nodifications may be required.

3.4.2 REQUI REMENTS SUMVARY

Tabl e 3-1 (Appendix C) specifies the structural and nmechani cal
verification activities for ECS.

3.4.3 STRUCTURAL LQOADS
3.4.3.1 Verification for Design Qualification.

An analysis shall be perfornmed to ascertain the resonant frequencies
of the instrunent's fixed base nodes. Where the analysis clearly
shows the fundanental frequency to be above 100 Hz, verification by
test is not required.

For instrument structures whose anal ysis indicates a resonant
frequency below 100 Hz, a sine sweep shall be perfornmed to determ ne
t he fundanental resonant frequency. Were this is found to be bel ow
70 Hz, a nodal survey shall be performed to verify that the analytic
nodel of the Instrunment hardware adequately represents its dynamc
characteristics. Test verification for instrunments w th fundament al
fi xed-base nodes above 70 Hz may be limted to the frequency
verification test (lowlevel sine sweep). Instrunents wth
fundanmental fixed-base nodes above 100 Hz shall supply an anal yti cal
rigid mass representation.

The test-verified nodel will be used in a coupled | oads anal ysis at
t he spacecraft level to predict for the instrunment the maxi mum
expected | oad for each potentially critical |oading condition,
including all launch environnments, handling and transportation, and
vi broacoustic effects during lift-off. The maxi num |l oads resulting
fromthe analysis define the limt | oads.
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The usual nethod of verifying adequate strength is to apply a set of
| oads equal to 1.25 tines the limt |oads after which the instrunent
har dwar e nmust be capable of neeting its performance criteria.
Standard design criteria require that the strength verification test
be acconpanied by a stress analysis that predicts that no ultimte
failure will occur at loads equal to 1.40 tines |limt and that
yielding will not occur at |loads equal to 1.25 tinmes limt.

| f appropriate devel opnent tests are performed to verify accuracy of
the stress nodel, and stringent quality control procedures are invoked
to ensure conformance of the structure to the design, then strength
verification may be acconplished by a stress anal ysis that
denonstrates that the hardware has positive margins on yield at | oads
equal to 2.0 tinmes the limt |oad, and positive margin on ultinmate at
| oads equal to 2.6 tinmes the |limt load. Analysis shall not be used
to verify strength of elenments fabricated fromconposite materi al s.
The wi der range of strength associated with conposite structures nust
be taken into account by additional denonstrations such as devel opnent
tests, proof tests and | arger design factors.

The contractor shall analyze all flight structures as well as all test
structures that are subjected to the flight hardware test

environnents. The anal yses shall utilize design limt |oads predicted
for all flight and testing environnments and shall include all required
factors of safety. The analysis shall be perfornmed in accordance with
comonl y accepted net hods and assunptions and culmnate with a set of
Margi ns of Safety (MS.) equations. Buckling, crippling, and shear
failures shall be considered as ultimate failures.

The stress report shall be delivered in accordance with GSFC-422-12-
12-04 (CDRL). The anal ysis shall be updated when the test-verified
nodel is delivered. As a mninmum it shall contain the foll ow ng:

a. Stress analysis results for current design limt |oads, with
yield and ultimate factors applied as specified above.

b. Conmprehensive MS. Summary for all |oad cases.

The initial stress assignment shall be based on the prelimnary design
| oads. The contractor shall keep the MS. Summary updated as the
design of the structure changes, mathematical nodels are refined,
and/ or new | oads anal yses are perforned.

The use of materials that are susceptible to brittle fracture or
stress-corrosion cracking require devel opnent of, and strict adherence
to special procedures to prevent problens. It is enphasized that al
structural elenents shall be in conpliance with the provisions of
Section 4.3 of the PAR

C7

Check the POES Master Controlled Documents list at: http://poes.gsfc.nasa.gov/iso/baseline.pdf to verify that this is the correct version before use.




Table 3-1 Structural
Verification Requirenments (Md 25)

and Mechani cal

S-480-79

Requi r enent bservat ory* | nst runment Conponent **

Structural Loads

Modal Survey AT AT -

Loads Test

- Design Qual. AT T -

- Struct. Rel. AT AT AT
Vi br oacousti cs

- Acoustics T T1 T1

- Random Vi brati on - T T1
Sine Vibration T3 T3 T3
Mechani cal Function A T T -
Pressure Profile - A T1 -
Mass Properties A T1 AT -

T = Test required

Tl = Test nust be perfornmed if indicated by anal ysis or other
consi derati ons.

T2 = Separate additional test at conponent level is normally
requi red, but may be waived in special cases, such as for
smal | instrunents.

T3 = Test if there is any sustained periodic m ssion environment.
Test is a sweep per GEVS-SE, Table A-1.

A = Analysis required.

AIT = Anal ysis and/or test

Qbservatory requirenents apply when instrunment is
integrated. (Observatory testing is responsibility of
i ntegration contractor.)

Requi renments for conponents (boxes) of the instrunents.
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3.4.3.2 Acceptance Requirenents. Structural |loads testing to limt
levels is required for all flight hardware (see par. 4.3).

3.4.4 VI BROACOQUSTI CS

3.4.4.1 Verification for Design Qualification. For the

vi broacoustics environnents, limt |levels are equal to the nmaxi mum
expected flight environnent. The verification |evel is defined as the
[imt plus 3 dB. Wen randomvibration |evels are determ ned,
responses to the acoustic inputs plus the effects of vibration
transmtted through the structure shall be considered. As a m ninum
conponent randomvi bration |evels shall be sufficient to denonstrate
accept abl e wor kmanshi p. For qualification of hardware, tests shall be
conducted at verification (protoflight) |evels.

3.4.4.4 Acceptance Requirenents. Structural |oads testing to limt
levels is required for all flight hardware (see par. 4.3).

3.4.6 MECHANI CAL FUNCTI ON

3.4.6.1 Verification for Design Qualification. A kinematic analysis
of all instrunment mechani cal operations is required (a) to ensure that
each nechani sm can performsatisfactorily and has adequate margins
under worst-case conditions, (b) to ensure that satisfactory

cl earances exist for both the stowed and operational configurations as
wel | as during any nechani cal operation and (c) to ensure that al
mechani cal el enents are capable of w thstanding the worst-case | oads
that may be encountered.

In addition, instrunent verification tests are required to denonstrate
that the installation of each mechanical device is correct and that no
probl enms exist that will prevent proper operation of the mechani sm
during mssion life.

I nstrunent verification tests are required for each nechanica
operation at nominal, |low, and high energy levels. To establish that
functioning is proper for normal operations, the nom nal test shall be
conducted at the nost probable conditions expected during nornmal
flight. A high-energy test and a | owenergy test, shall al so be
conducted to prove positive margins of strength and function.

The |l evel s of these tests shall denonstrate margi ns beyond the nom nal
conditions by considering adverse interaction of potential extremes of
parameters such as tenperature, friction, spring forces, stiffness of
el ectrical cabling or thermal insulation, and, when applicable, spin
rate. Paraneters to be varied during these high- and | owenergy tests
shall include, to the maxi mum extent practicable, all those that could
substantively affect the operation of the mechanism as determ ned by
the results of analytic predictions or devel opnment tests. As a

m ni mum however, successful operation at tenperature extremes |0
degrees C beyond the range of expected flight tenperatures shall be
denonstr at ed.
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3.4.6.2 Acceptance Requirenents. Verification testing of instrunent
mechani cal operation is required only at the nom nal condition for the
acceptance of previously qualified hardware if the original basis for
qualification is still valid for the new application.

3.4.9 SI NE VI BRATI ON

3.4.9.1 Verification for Design Qualification. The hardware shall be
subj ected to sine vibration testing for the sweep rate indicated in
Table A-1 of GEVS-SE to 1.25 tinmes flight |evels on axes
representative of the mssion to qualify the hardware for any
sust ai ned periodic m ssion environnent.

3.4.9.2 Accept ance Requirenents. The acceptance testing of
previously qualified hardware shall include subjecting the hardware to
sine vibration testing for the sweep rate indicated in Table-A-1 of
GEVS- SE to expected flight Ievels on axes representative of the

m ssion to sinulate any sustained periodic mssion environment.

3.5.2 REQUI REMENTS SUMVARY

3.5.2.1 The Range of Requirenents. The contractor shall denonstrate
conpliance with the general requirements of paragraph 3.5.1 by
conducting an EMC test programin accordance with Table 3-2 and
Section 2.5 of CGEVS-SE and the Qobservatory EM/EMC Control Pl an.

Tabl e 3-2 Appendi x C prescribes tests at the conponent and i nstrunent
levels. Not all tests apply to all levels of assenbly or to all types
of hardware.
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Tabl e 3-2 EMC Requi renents per

Test GEVS- SE
Para. #
DC power 2.5.2. 1a
| eads 2.5.2.1b
Ant enna 2.5.2. 1e
termnal s
AC 2.5.2.2b
magneti c
fields
E-fields 2.5.2.2c
2.5.2.2d
Payl oad 2.5.2. 2e
xmtters
Spuri ous 2.5.2. 2f
(xmtter
ant enna)
Pwm lines |2.5.3. 1a
Pw |ine 2.5.3.1e
transients
I nter- 2.5.3.1b
nodul ati on
products
Si gnal 2.5.3.1c
Rej ecti on
Cross |2.5.3.1d
nodul ati on
E-field 2.5.3.2a
(general)
Magneti c 2.5.3.2d
field
suscepti -
bility
Magneti c
properties| 2.5.4

CGu
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Level of Assenbly
+
| nst rument Observat ory
(*)
Ty i +
R -
R -
R R
R R
R R
- * %
R -
R -
R -
: : |
R R
R R
R R
Ty +
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Tabl e 3-2 EMC Requi renents per Level of Assenbly (continued)
CE - Conducted Em ssion; CS - Conducted Susceptibility.

R - Test to ensure reliable operation of hardware, and to hel p ensure
conpatibility with the ELV and | aunch site.

RE

Radi ated Emi ssion; RS - Radi ated Susceptibility.

* - (bservatory requirenents apply when instrunment is integrated
Test is Observatory contractor responsibility.

** - Must neet any unique requirenents of the ELV and | aunch site for
transmtters that are on during | aunch.

3.5.2.2 Basis of the Tests. A description of the individual EMC
tests listed in table 3-2, including their nomnal limts and test
procedures, is provided in section 2.5 of the GEVS-SE. Most of the
tests are based on the requirenents of ML-STD 462, M L-STD 461 and

M L- STD-463. The specific limts (levels) shall be as defined in the
bservatory EM/EMC Control Plan. The tests and their limts my be
revised as appropriate for a particular instrument or mssion if GSFC
proj ect approval is obtained. Mre stringent requirenments my be
necessary. The tests and their limts shall be docunented in the
Verification Specification (3.2.2 Appendi x O

Addi tional EMC requirenents nay al so be placed on the Qobservatory by
the |l aunch vehicle organization or as a result of the |aunch site

radi ati on environment; these requirenents will be established during
coordi nati on between the ECS Project and the cogni zant | aunch
vehi cl e/ site organi zati ons. Correspondi ng fl owdown of such additional
requirenents to the instrunment will be negotiated simlarly between
the ECS Instrument Project Ofice and the contractor.

3.6.2 SUMVARY OF REQUI REMENTS

Table 3-3 (Appendix C) summari zes the tests and anal yses that
collectively wll serve to fulfill the general requirenents of

(3.6.1 PAR). Tests noted in the table may require supporting anal yses
and vice versa. The order in which denonstrations are conducted shal
be determ ned by the contractor and specified in the Verification Pl an
(3.2.1 Appendi x C).
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o e e
) =
reason to suspect
= Test required.
= Anal ysis required;
t he anal ysi s.
A = Test is highly desirable,

* *

T1

T2

T3

Tabl e 3-3 Vacuum Ther mal,

Ther mal - Vacuum
Ther mal Bal ance
Tenperature-hum dity
(integration and
checkout with ELV)
Tenperature-Hum dity
(Transportation &

St or age)

Leakage(1)

S-480-79

and Hum dity Requirenments

__________________ +
| nst rument/
Conponent

__________________ +

T1
* %
A * % %
A * % %
T2
__________________ +

Har dware that passes this test at a |lower |evel of

assenbly need not be retested at a higher level unless there is

mandat ory.

its integrity.

tests may be required to substantiate

however an analysis is

= spacecraft requirenents apply when instrument is integrated.
(Spacecraft testing is the responsibility of the integration

contractor.)

= Test required at

* = Requirenent pertains to instrunment

= Test required at

instrunment | evel, but
(box) level unless otherw se specifi ed.

not at conponent

| evel ; not conponent.

instrunment level. Additional cycles at

conmponent |evel required if needed for conponents to see a total
of 8 T-V tenperature cycles before shipnment of the instrunent.

= Test required for sealed itens only, at

i nstrunent | evel.

= Test required for sealed itens only.
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3.6.3 THERVAL CYCLE (Mod 47)

3.6.3.1 Anbi ent Pressure Thermal Cycling. Thermal stress testing
shal |l be perfornmed at anbient pressure as shown in figure Cl. The
testing shall consist of eight cycles with a maxi mum tenperature of
48C (-0C, +3C), as neasured at the coldest nonitored point of the
instrument, and a mninmumtenperature of -12C (+0C, -3C), as neasured
at the hottest nonitored point of the instrument. A performance
verification test shall be perfornmed at each maxi ma and m ni ma

pl ateau. The minimumtinme at each plateau shall be that which is
needed to execute the performance verification test. During the first
transition to the mnim plateau, the instrunment shall be shut off and
an instrument "cold start” test shall be perforned when the instrunent
reaches the mnima plateau. During transition to the mnima plateau
during all other cycles, the instrunment may be shut off. The nmaxi mum
tenperature rate change during the transition states shall be
12| ¢ hour. During the anbient pressure cycling the instrunment's

bl anket may be renoved.

Qut gassi ng procedures that are found necessary (see Section 9.0)
may be nade part of the thermal-vacuumtest operations if no
unaccept abl e hazards are introduced by these procedures.

3.6.3.2 Vacuum Thernmal Cycling. The instrunment shall be subjected to
a thermal vacuumtest where the pressure is 1 x 1072 Torr or |ess and
the test profile is shown in Figure C2. The unit shall be in the

| aunch phase node for punp down.

During transition to the "Projected Low -10C" (m nim) plateau, the
i nstrument shall be shut off.

After the mninmm4 hour soak at the mininma plateau, an instrunment
"cold start” and a performance verification test shall be perforned.
After the mnimm4 hour soak at the "Projected H gh +10| C' pl at eaux,
an instrument performance verification test shall be perforned.
Concurrent with the 48 hour instrunment operational tenperature soaks,
instrunment calibration shall be perforned.

During tenperature transition the rate of change in tenperature shal
not exceed 10C/ hour or be less than 5C/ hour. Thermal instrunmentation
shall be attached to the unit in sufficient nunber and | ocation to
nmeasure the maxi mum and m ni num structural tenperatures as well as
critical itens and those required for calibration purposes (e.g., A D,
etc). The control of the test for conformance to the specifications
shall be based on the thermal instrunentation of the maxi mnum and

m ni mum structural areas. This instrumentation shall not invalidate
the true nature of the thermal environnment being nmeasur ed.

I n pl anni ng and conducting the test, care should be exercised so that
unrealistic internal gradients are not generated which could
j eopardi ze the integrity of the instrunent.

C u

Check the POES Master Controlled Documents list at: http://poes.gsfc.nasa.gov/iso/baseline.pdf to verify that this is the correct version before use.




S-480- 79
Figure C1 Thermal Cycle Profile (Md 47)
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Figure C2 Thermal Vacuum Test Profile (Md 47)
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3.7 END-TO END TEST REQUI REMENTS
3.7.1 COMPATI BI LI TY TEST

System end-to-end testing of the instrument at the spacecraft level is
the responsibility of the spacecraft contractor. The instrunent
contractor shall support this test effort as it applies to the
instrunment integrated with the spacecraft.

3.7.2 M ssion Sinmulations. After conpletion of the end-to-end
conpatibility test, data flow tests (at spacecraft |evel) shall be
performed utilizing the total systemin a realistic mssion tineline,
i ncludi ng external stimulus of the instrunments and attitude control
sensors, when practical

Tel enetry and command denonstrations shall be conducted, incorporating
all the required equipnent: appropriate Network el enents, Ecom EOCS
Operations Center (EOC), Instrument Control Facility (ICF), data
processing facilities, and when avail able, the users' Instrunent
Support Term nal. Once the data fl ow paths have been verified, mssion
simulations will be held to validate nom nal and conti ngency m ssion
procedures and to provide for operator famliarization training.

The contractor shall participate in mssion sinulations in order to
provi de anple tinme for checkout of the contractors ECC software and
har dwar e confi gurati ons.
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APPENDI X C / SECTICON 4
SYSTEM SAFETY REQUI REMENTS

No tailored requirenments
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APPENDI X C / SECTION 5
EEE PARTS CONTROL REQUI REMENTS

5.2.4 RADI ATI ON HARDNESS

In addition, standard and nonstandard parts shall be selected to neet
their mssion application in the predicted radiati on environnment as
defined in the CGeneral Interface Requirenents Docunent (G RD) for the
spacecraft.

C 19

Check the POES Master Controlled Documents list at: http://poes.gsfc.nasa.gov/iso/baseline.pdf to verify that this is the correct version before use.




S-480-79

APPENDI X C / SECTION 6
MATERI ALS AND PROCESSES CONTROL REQUI REMENTS

No tailored requirenents.

C 20

Check the POES Master Controlled Documents list at: http://poes.gsfc.nasa.gov/iso/baseline.pdf to verify that this is the correct version before use.




S-480-79

APPENDI X C / SECTION 7
DESI GN ASSURANCE AND RELI ABI LI TY REQUI REMENTS

No tailored requirenents.
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APPENDI X C / SECTI ON 8
QUALI TY ASSURANCE REQUI REMENTS

No tailored requirenents
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APPENDI X C / SECTION 9
CONTAM NATI ON CONTROL REQUI REMENTS

9.3 | NSTRUVENT CROSS- CONTAM NATI ON

Since the spacecraft will contain many instrunents with wi dely varying
contami nation sensitivities in close proximty to each other, the

i nstrunments could contam nate each other, thus jeopardizing each
others' performance. |In order to minimze this, each instrunment,
regardl ess of its contam nation sensitivity, nmust nmeet the foll ow ng

m ni mum cl eanl i ness requirenents.

The external surfaces of all instruments shall be at Level 600A
or better (per ML-STD 1246) upon delivery to the integration
contractor. Surface cleanliness |evels shall be verified upon
delivery to the spacecraft contractor.

At the last hot cycle of the instrunent-Ilevel thernal-vacuumtesting,
all instrunents shall outgas at a rate less than or equal to 1 x 10(7)
grans/ square centinmeter/hour for 5 consecutive hours at the nmaxi mum

i nstrunment operating tenperature, as neasured by a tenperature-
controlled quartz crystal mcrobalance (TQCM |ocated within the test
chanber and nmaintained at -20 +/-2 degrees C. The TQCM nust have a
representative view of the instrunment.
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APPENDI X C / SECTION 10
SOFTWARE ASSURANCE REQUI REMENTS

No tailored requirenents
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APPENDI X D

The followng tailored requirenents are specific to Metsat devel oped
hardware and software only. For EGS uni que requirenents see Appendi x C
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APPENDI X D / SECTION 1
GENERAL REQUI REMENTS

No tailored requirenents.
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APPENDI X D / SECTION 2
ASSURANCE REVI EW REQUI REMENTS

The foll ow ng additional review requirenents suppl enent the Metsat
Pr ogr am

2.3 GSFC FLI GHT ASSURANCE REVI EW PROGRAM

a. Prelimnary Design Review. In addition, the PDR review shall
consi st of the review of design and all additional changes that
have to be made.
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APPENDI X D / SECTION 3
PERFORMANCE VERI FI CATI ON REQUI REMENTS

3. PERFORVMANCE VERI FI CATI ON REQUI REMENTS
3.1 GCeneral Requirenents

Envi ronnental specifications for this instrunent are contained in
Appendi x E. The requirenments contained therein include | evels required
for shuttle and expendabl e | aunch vehicles. A total Perfornmance
Verification Programrequires the denonstration and verification of
supporting conponents and equi pnent, such as flight software and
ground-test hardware and software. It may al so include the
denonstration of interfaces to networks and control centers.
Verification of these itenms may be included in a single Performance
Verification Program

3.4 STRUCTURAL AND MECHANI CAL REQUI REMENTS
3.4.1 GENERAL REQUI REMENTS

The denonstrations shall verify design and specified factors of safety
and ensure interface conpatibility, acceptable workmanship, and
conpliance with applicable safety requirenents.

3.4.2 REQUI REMENTS SUMVARY

Table 1 (Appendix D) specifies the structural and nechani cal
verification activities for Metsat.

The programoutlined in table 1 assunes that the design of the
instrument (including the el ectronics package) nmount to the spacecraft
as a single entity and can therefore be environnentally tested
together. When that is not the case, each el enent of the instrunent
that nounts directly to the spacecraft shall be subjected to the
"instrument" test requirenents of Table 1

3.4.3 STRUCTURAL LQOADS
3.4.3.1 Verification for Design Qualification.
In addition, the followi ng verification elements apply to Metsat:

A vibration survey shall be conducted to verify that the | owest
resonant frequency of the instrunment is equal to or greater than 100
Hz.

The usual nethod of verifying adequate strength is to apply a set of
accel eration and sinusoidal vibration |oads to the qualification

| evel s of section 1 and 2 of Appendix E after which the hardware nust
be capable of neeting its performance criteria. |If appropriate

devel opment tests are perfornmed to verify accuracy of the stress nodel
and stringent quality-control procedures are invoked to ensure
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conformance of the structure to the design, the strength verification
for the acceleration | oads may be acconplished by a stress anal ysis
whi ch denonstrates that the hardware will neet its perfornmance and
safety criteria after being subjected to a load equal to 1.6 tines the
qualification test |oads of section 1 of Appendi x E. The sinusoi dal

vi bration test nust still be perforned, however.

When conposite materials are used in the structure, analytic strength
verification for acceleration | oads may not be in used. The w der
ranges of strength associated with conposite structures nust be taken
into account by additional denonstrations, such as devel opnent tests,
proof tests, and |larger design factors. The use of materials that are
susceptible to brittle fracture or stress-corrosion cracking require
t he devel opnent of and strict adherence to special procedures to
prevent problens.

Table 1 Structural and Mechani cal Requirenents

Requi r enent | nst runment Conponent

Structural Loads T -
Vi br oacousti cs

- Acoustics T1 -
- Random Vi brati on T T
Mechani cal Shock T -
Mechani cal Functi on T -
Pressure Profile A T1 -
Mass Properties A T1 -

T = Test required

Tl = Test nust be perfornmed if indicated by anal ysis or other
consi derati ons.

T2 Separate additional test at conponent level is
normal | yrequi red, but may be waived in special cases, such as

for small instruments.

A = Analysis required.
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3.4.3.2 Accept ance Requirenents. The flight sinusoidal vibration
test requirenments of section 1 of Appendix E apply for the acceptance
testing of previously qualified hardware. In addition, structural

el enents fabricated of conposite material shall be proof-tested to 80%
of the qualification test levels of section 1 of Appendix E

3.4. 4 VI BROACOUSTI CS
In addition, the follow ng vibroacoustics criteria apply to Metsat:

3.4.4.2 Random Verification. The verification instrunment random

vi bration test shall be applied in each of the three orthognal axes to
the qualification levels of section 1 of Appendix E. In addition,
conponents shall be subjected to a three-axis random vi bration
exposure prior to instrunment integration. The |evel for the conponent
tests shall be either:

1) that expected at the conponent nounting |ocation during instrunent
test, or;
2) the instrunment |evels, whichever is greatest.

3.4.4.3 Acoustics Verification. The spacecraft with its payl oad, as
part of its environnental testing sequence, will be exposed to an
acoustic test shown in section 1 of Appendix E. The contractor shal
review his instrunment for |arge areal/l ow mass conponents that woul d be
exposed to, and could be affected by, direct acoustic energy. Such
instrunments may require an acoustic test in addition to the random
test to ensure proper operation during and after the |aunch phase.

3.4.4.4  Acceptance Requirenents. For the acceptance testing of
previously qualified hardware, testing shall be conducted on the
instrunment at the flight |evels of section 2 of Appendi x E. Random

vi bration tests shall also be perforned on conponents. Levels shall be
determned in the sane manner as for the verification tests.

Acoustics test is not required.

3.4.6 MECHANI CAL FUNCTI ON

3.4.6.1 Verification for Design Qualification. Kinematic

anal ysi s of nechani cal operations shall be conducted to ensure that
the instrunment perfornms satisfactory and has adequate margi ns under
wor st -case conditions. In addition, testing of bearings, gears,

bal ance nmechani sns, etc. used in el ectronechanical systenms shall be
acconplished to verify performance and to established baseline
paraneters of assenbly elenents prior to assenbly testing.

3.4.6.2 Acceptance Requirenents. Verification testing of

i nstrument mechani cal operation is required only at the nom nal
condition for the acceptance of previously qualified hardware if
the original basis for qualification is still valid for the new
appl i cation.
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3.5.2 REQUI REMENTS SUMVARY
3.5.2.1 The Range of Requirenents.

The contractor shall denonstrate conpliance with the genera

requi renents of paragraph 3.5.1 (PAR) by conducting an EMC
programin accordance with Table 2 Appendix D. Tests are

prescri bed at the instrument and conponent |levels. Not all tests
apply to all levels of assenbly or to all types of hardware. The
contractor shall select the applicable EMC tests on the basis of
m ssion requirenments and the specific requirenents of the
hardware. The specific requirenents of each test listed in table
2 are defined in Appendi x D.

The contractor shall inpose nore stringent requirenents than
those in Appendi x D when necessary to neet the specific

requi renents of the mssion. For exanple for an instrument with
very sensitive electric field or magnetic field requirenents my
require nore stringent test limts.

Table 2 EMC Requirenents

Type of Level of Assenbly
Test Descri pti on | nst runent Conponent
Em ssi ons Conduct ed (powerlines) R R
Radi ated E-field R R
(unintentional)
Radi ated Hfield (ac) R R
Suscepti - Conducted (dc powerli nes) R R
bility
Conduct ed transi ent R R
(powerline)
Radi ated E-field R R
Magneti cs Magneti c Properties R R

R - Test to ensure reliable operation of spacecraft

3.6.3 THERVAL - VACUUM

3.6.3.1 CGeneral Requirenents (Mdd 25). The protoflight
instrunment shall be subjected to a thermal vacuumtest in which
the pressure is 1 x 10(5) torr or less. The test tenperature
profile is shown in figure 2 of Appendix E. The unit shall be in
the | aunch phase node for punp down and in the m ssion node for
all other phases of the test. The tenperature extrenes shall be
10 degrees C nore severe than those worst-case tenperatures
expected during orbital conditions.
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During tenperature transitions, the rate of change in tenperature
shal | not exceed 10 degree C/ hour or be |less than 2 degrees
C/ hour .

The flight instrunent shall be subjected to a thermal - vacuum
test in which the pressure is 1 X 10(5) torr or less. The test
profile is shown in figure 3A of Appendix E, and the unit shal
be operational for all phases of this test. The tenperature
extrenes shall be those worse-case tenperatures expected during
orbital conditions as determ ned by analysis and the thernal

bal ance test of the engineering nodel. During the test, the
hottest and col dest parts of the instrument structure shall be
driven to the tenperatures determ ned to be appropriate based on
the requirenents stated previously.

Thermal instrunentation shall be attached to the unit in
sufficient nunber and | ocation to neasure the maxi mum and m ni num
structural tenperatures as well as critical itens and those
required for calibration purposed. The control of the test for
conformance to the specification shall be based on the thermal
instrunmentation of the baseplate. This instrunentation shall not
invalidate the true nature of the thermal environnent being

measur ed.

I n pl anni ng and conducting the test, care should be exercised so
that unrealistic internal; gradients are not generated that could
j eopardi ze the integrity of the instrunent.

Specific performance tests that shall be perforned during the
t her mal - vacuum test cycle are defined subsequently.
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APPENDI X D / SECTICON 4
SYSTEM SAFETY REQUI REMENTS

No tailored requirenments
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APPENDI X D / SECTION 5
EEE PARTS CONTROL REQUI REMENTS

No tailored requirenments
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APPENDI X D / SECTI ON 6
MATERI ALS AND PROCESSES CONTROL REQUI REMENTS

No tailored requirenents.
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APPENDI X D / SECTION 7
DESI GN ASSURANCE AND RELI ABI LI TY REQUI REMENTS

No tailored requirenents.
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APPENDI X D / SECTI ON 8
QUALI TY ASSURANCE REQUI REMENTS

No tailored requirenments
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APPENDI X D / SECTION 9
CONTAM NATI ON CONTROL REQUI REMENTS

No tailored requirenments
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APPENDI X D / SECTI ON 10
SOFTWARE ASSURANCE REQUI REMENTS

No tailored requirenents.
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APPENDI X E
ENVI RONVENTAL SPECI FI CATI ONS
The foll owi ng environnental specifications are applicable to the

METSAT AMSU- A i nstruments.

1.0 Engi neering and Protoflight Mdels

The engi neering and protoflight nodels shall be subjected to the
following qualification |level environnental tests. The unit is to be
operated during these tests in a manner simnulating actual operation
during various flight stages and nust neet all specified perfornmance
criteria during these tests.

1.1 Si ne_Sweep Test

Before and after each axis of testing, a sine sweep from20 to 200 Hz
shal | be conducted at 4 octaves per mnute. A constant sinusoidal

i nput of 0.25g's or |ess shall be used over the frequency donain.
Sufficient instrumentation (external) shall be installed and the data
verified after each axis to detect possible structural changes.

1.2 Accel eration Test (Static Load)

A test shall be conducted where 15.0g | ongitudinal and 6.3g | ateral

| oads shall be applied sinmultaneously (16.3g) first in the ZX and ZY
pl anes (spacecraft coordinates) for one mnute. The test nethod may
be either static |load, centrifuge or sine burst (see section 1.1.1).
The unit nust be in flight configuration. An alternative test is to
apply the conbined load (16.3g) in the A Y, Z axes, when the
instrument is nounted on the shaker, as it will be on the spacecraft.

Design anal ysis shall be conducted with the followi ng |oad | evels:
X-axis + 19.6 Y-axi s +21.2 Z-axi s +20. 6
1.2.1 Si ne Bur st

The sine burst test is used to sinulate a static |oad condition on the
test item The test is perforned on a vibration shaker. The frequency
used to performthe test is a function of both the dynam c
characteristics of the test itemand the vibration shaker facility
l[imtations. Because the test is intended to inpart a static load to
the test item the test frequency nust be bel ow the fundanent al
resonant frequency of the test item As a general guideline, the test
frequency should be less than one-third the rest itemresonant
frequency to avoid dynam c anplification during the test.

The vibration shaker facility limtation is driven by the maxi mum

al | owabl e di spl acenent for the particul ar shaker.

Figure 1 shows a typical sineburst waveform The waveformis
sinusoidal with a ranmp up to maxi mum | evel, several cycles at nmaxi mum
| evel, and then ranp down to zero. The nunber of cycles at maxi num
level is usually 6 to 10 cycles.
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Figure 1 Sine Burst
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The specification of a sine burst test should contain the foll ow ng
i nformati on:

0 Test Level

0 Test Frequency

XX.X g
| ess than 1/3 the fundanental resonant
frequency of the test item
6 to 10 cycles at nmaxi mum | evel .

o Test Duration

1.3 Random Vi brati on Tests
The unit shall be subject to the following |evels in each of three
ort hogonal axes:

Z-Z: Thrust axis, as applicable to unit
installed on spacecraft -

X-X & Y-Y: Per pendi cul ar to Z-Z and defined as the
spacecraft X-X and Y-Y axes -

Freq. Power Spectr al

Range (Hz) Density (gzlkt) G RVS Dur ati on
2075 0.1
75-150 +10dB/ oct . 8.8 1 min./axis
150- 500 0.11
500- 2000 - 7db/ oct.
1.4 Launch Phase Pressure Profile

The instrunent shall be designed, such that, when subjected to the
envi ronnment shown in the G 1S, no adverse conditions which may effect
performance shall result. An actual test is required if analysis does
not indicate a sufficient margin of safety.

1.5 Acoustic Test Requirenents

The spacecraft with its payload, as part of its environnmental testing
sequence, shall be exposed to the acoustic |levels shown in the AIS.
During launch, a simlar environnment is expected inside the shroud.
The specified instrunment random vibration |evels are based upon the
above acoustic levels, which are coupled with and conducted through

t he spacecraft structure and finally nmechanically transmtted to the
i nstrumnents.

However, the contractor should review his instrunent for |arge
areal/ | ow mass conponents whi ch woul d be exposed to and coul d be
effected by direct acoustic energy. Such instrunments may require an
acoustic test to assure proper operation during and subsequent to the
| aunch phase.

1.6 Thermal Vacuum Qualification Test

The instrunent shal% be subjected to a thermal vacuumtest where the
pressure is 1 x 1072 Torr or less and the test tenperature profile is
shown in Figure 2 for the Engi neering Mdel.
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Figure 2 Thermal Vacuum Test Profile
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The unit shall be in the | aunch phase node for punp down and in the

m ssion node for all other phases of this test. For the EM when the

i nstrunment reaches the low plateau, it will be turned off, thernal

bal ance achieved, and a "cold start” turn on perforned. The
tenperature extremes shall be 109C nore severe than those "worst case"
tenperatures expected during orbital conditions. During tenperature
transitions the rate of change in tenperature shall not exceed

109C/ hour or be less than 5°C/ hour.

The Protoflight unit shall have the sanme |evel of testing perfornmed as
described in section 2.3 for the Flight units. Thermal instrunmentation
shal |l be attached to the unit in sufficient nunber and |ocation to
measure the maxi mum and mni num structural tenperatures as well as
critical itens and those required for calibration purposes. The
control of the test for conformance to the specification shall be
based on the thermal instrunentation of the basepl ate.

This instrumentation shall not invalidate the true nature of the

t hermal environnent bei ng neasured.

I n pl anni ng and conducting the test, care should be exercised so that
unrealistic internal gradients are not generated which could
j eopardi ze the integrity of the instrunent.

Specific performance tests which shall be performed during the thernal
vacuum test cycle are defined subsequently.

1.7 Ther mal Bal ance

This test shall denonstrate the validity of the thernmal design and the
ability of the thermal control systemto maintain the hardware within
the established thermal limts for the m ssion.

The thermal design shall be validated with an anal ytical nodel that is
confirmed when necessary by tests conducted on a thermal nodel or the
flight hardware. The capability of the thermal control system shal

be denonstrated in the sane manner. |f the flight hardware is not
used in the test of the control system verification of critical
thermal properties (such as those of the thermal control coatings)
shall be perfornmed to denonstrate simlarity between the itemtested
and the flight hardware. Although it is desirable to performthe test
on a conplete AMSU, it may be inpractical to do so; therefore, the
denonstrati on nay be acconplished by conbining test and anal ysi s.

1.7.1 Accept ance Requi renents

The thernmal bal ance test may be waived in the case of previously
qual i fied hardware. Tests shall be conducted to verify the thermnal
simlarity to the qualified hardware.

1.8 El ectromagnetic Conpatibility
An El ectromagnetic Conpatibility test shall be performed in accordance
with the 1S and the UIS.

2.0 Fl i ght Acceptance Testing

The flight nodels shall be acceptance tested to the followi ng tests
and | evel s.
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2.1 Si ne_Sweep Test

Before and after each axis of testing, a sine sweep from20 to 200 Hz
shal | be conducted at 4 octaves per mnute. A constant sinusoidal

i nput of 0.25g's or |ess shall be used over the frequency donain.
Sufficient instrumentation (external) shall be installed and the data
verified after each axis to detect possible structural changes.

2.2 Random Vi brati on
The units shall be subjected to the follow ng acceptance | evel random
vi bration in each of three orthogonal axes.

Freq. Power Spectr al
Range (Hz) Density (g<4/ Hz) G RMVS Dur ati on
2075 0.006
75- 150 +10dB/ oct . 5.9 1 min./axis
150- 500 0. 05
500- 2000 - 7db/ oct.
2.3 Acceleration Test (Static Load)

In order to nmeet the fracture control requirements, a static |oad test
(section 1.1) shall be conducted with 12.0g | ongitudinal and 5.05g
| ateral, applied sinmultaneously (13.029).

2.4 Thermal Cycl e

2.4.1 Anbient Pressure Thernmal Cycling

Thermal stress testing shall be performed at anbient pressure as shown
in figure 3. The testing shall consist of eight cycles with a maxi mum
tenperature of 48C (-0C, +3C), as neasured at the col dest nonitored
point of the instrunment, and a m ninmumtenperature of -12C (+0C, -3C
as neasured at the hottest nonitored point of the instrunent.

A performance verification test shall be perfornmed at each naxi ma and
m nima plateau. The minimumtinme at each plateau shall be that which
is needed to execute the performance verification test. During the
first transition to the mnim plateau, the instrunent shall be shut
off and an instrunment "cold start” test shall be performed when the

i nstrunment reaches the mninma plateau. During transition to the mninm
pl ateau during all other cycles, the instrunment may be shut off.

The maxi num tenperature rate change during the transition states shal
be 12| C/ hour. During the ambient pressure cycling the instrunent's

bl anket may be renoved.

2.4.2 Vacuum Thermal Cycling

The instrunent shal% be subjected to a thermal vacuumtest where the
pressure is 1 x 1072 Torr or less and the test profile is shown in
Figure 3a. The unit shall be in the | aunch phase node for punp down.

During transition to the "Projected Low -10C" (m nim) plateau, the
i nstrument shall be shut off.
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Figure 3 Thermal Cycle Profile
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Figure 3a. Thermal Vacuum Test Profile
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After the mninmm4 hour soak at the mininma plateau, an instrunment
"cold start” and a performance verification test shall be perforned.
After the mnimm4 hour soak at the "Projected H gh +10| C' pl at eaux,
an instrument performance verification test shall be perforned.
Concurrent with the 48 hour instrunment operational tenperature soaks,
instrunment calibration shall be perforned.

During tenperature transition the rate of change in tenperature shal
not exceed 10C/ hour or be less than 5C hour. Thermal instrunmentation
shall be attached to the unit in sufficient nunber and | ocation to
measur e the maxi mum and m ni num structural tenperatures as well as
critical itens and those required for calibration purposes (e.g., A D,
etc). The control of the test for conformance to the specifications
shall be based on the thermal instrunentation of the nmaxi mum and

m ni mum structural areas. This instrumentation shall not invalidate
the true nature of the thermal environnment being nmeasur ed.

I n pl anni ng and conducting the test, care should be exercised so that
unrealistic internal gradients are not generated which could
j eopardi ze the integrity of the instrunent.

2.5 El ectromagnetic Conpatibility

El ectromagnetic conpatibility testing for the Flight Mdels shall be
performed only at those frequencies delineated in the QIS as
affecting the Search and Rescue System A full test series shall be
performed if a design change is made fromthat as tested on the

Engi neeri ng and/or Protoflight nodel.
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